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Novel ECM-based Scaffolds for Cartilage Repair
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Purpose: Tissue engineering technologies have increased treatment 
options for cartilage repair. Central to their success is the availability 
of an ideal scaffold. We describe here a novel technology to prepare 
a safe and effective biological scaffold. 
Methods and Materials: Using proprietary carbodiimide (EDC)-based 
technologies collagenous scaffolds (with native and/or reconstituted 
Type I collagen) were stabilized and sterilized. Additionally, using 
these technologies we stably attached ECM adjuncts (GAGs, Growth 
Factors) to the matrices. Stability, sterility and compatibility of these 
scaffolds were tested in vitro. 
Results: DSC and resistance to enzyme digestion (pronase, 
DPMMBHFOBTF
DPO¾SNFEUIFTUBCJMJUZPGUIFNBUSJDFTXIJDISFNBJOFE
unaffected by the subsequent sterilization. Effectiveness of 
sterilization was demonstrated by inactivation of indicator bacterial, 
viral and spore forming pathogens. Attachment of ECM adjuncts 
were validated using ELISA and differential histology (PAS-Alcian 
Blue). These tests also indicated stability of the adjuncts after 
sterilization and over time (up to 4 weeks in culture). Compatibility 
of the matrices was assessed by viability of primary chondrocytes 
from human, equine and bovine sources incubated on the matrix in 
static cultures. Cells maintained both viability and phenotypes over 
4 weeks, and addition of adjuncts improved cell attachment and 
retention. 
Conclusions: The methodology presented here to generate scaffolds 
for cartilage repair allowed for both stability of the matrix and 
controlled release of chondrogenic adjuncts without being negatively 
affected by the sterilization method. Prolonged chondrocyte viability, 
maintenance of phenotype, and histological evidence of new matrix 
synthesis following cell culture, indicates the potential value of these 
scaffolds in cartilage repair.
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Composite non-woven scaffolds containing PGA, PVA, and chitosan 
improve pH stability and cell proliferation
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Purpose: Scaffolds from poly (glycolic) acid promote cell proliferation, 
however the decrease of pH during their degradation may cause 
JO¿BNNBUJPO5IFBJNPG UIJTTUVEZXBT UPEFWFMPQDPNQPTJUFOPO
woven scaffolds possessing better pH stability. 
Methods and Materials: Different non-woven scaffolds based on 
poly(glycolic) acid (PGA) and poly(vinyl) alcohol (PGA/PVA and PVA/
PGA/PVA), hyaluronic acid (PGA/HA I and PGA/HA II), and chitosan 
(PGA/PVA/CH) were prepared. The samples of six-mm diameter 
were incubated in 20 mL of PBS at 37 °C for 42 days, and pH was 
measured every other day. Weight (both dry and wet) of the samples 
was measured and subsequently, water uptake was calculated. 
Chondrocytes were seeded on either the scaffolds or polystyrene (PS), 
and cell proliferation was measured using MTT test. 
Results: 1("17"$) TIPXFE TJHOJ¾DBOUMZ IJHIFS Q) UIBO PUIFS
scaffolds, except of PVA/PGA/PVA. The PGA, and PGA/HA scaffolds 
TIPXFE TJHOJ¾DBOUMZ MPXFS Q) UIBO PUIFS TDBGGPMET 17"1("
EFNPOTUSBUFE TJHOJ¾DBOUMZ IJHIFS BOE 17"1("17" BOE 1("
HA II lower water uptake than other scaffolds. On the day 1 and 7, a 
TJHOJ¾DBOUMZ IJHIFS BCTPSCBODF PG 14 1("17" BOE17"1("17"
was found. However, the PVA/PGA/CH absorbance was at the same 
level as that of PS and PVA/PGA/PVA after 14 days. HA containing 
TDBGGPMET TIPXFE B TJHOJ¾DBOUMZ MPXFS .55 BCTPSCBODF UIBO PUIFS
scaffolds. 
Conclusions: Non-woven scaffolds containing PGA, PVA, and chitosan 
demonstrated improved pH stability and cell proliferation compared to 
PGA scaffold. Therefore, they are promising for cartilage regeneration. 
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Purpose: To determine the suitability of hybrid scaffolds composed 
of naturally derived biopolymer gels and macro-porous poly-
İ-caprolactone (PCL) scaffolds for differentiated neo-cartilage 
formation in vitro. 
Methods and Materials: Rabbit articular chondrocytes were seeded 
into 1 wt% PCL/HA (hyaluronan), 0.5 wt% PCL/CS (chitosan), 1:3 PCL/
'	¾CSJOTFBMBOUQMVTBQSPUJOJO
BOE1$-$0-	UZQF*DPMMBHFO

hybrids, and were cultured statically for up to 50 days in vitro. Growth 
characteristics were evaluated by standard histology, scanning 
electron microscopy and confocal laser scanning microscopy. Neo-
DBSUJMBHFXBTRVBOUJ¾FEVTJOHBEJNFUIZMNFUIZMFOFCMVFBTTBZGPS
sulphated glycosaminoglycans (sGAG, n=14) and an enzyme linked 
immunosorbent assay for type II collagen (COL2, n=14), normalized 
UPET%/"DPOUFOUCZUIF¿VPSFTDFOUQJDP(SFFOBTTBZ
Results: 1 hr after being seeded into scaffolds, predominantly 
spheroidal chondrocytes were homogenously distributed throughout 
TDBGGPMETµ WPMVNF *NNVOP¿VPSFTDFODF EFQJDUFE FYUFOEJOH
proteoglycan deposition with time. sGAG increased in all hybrids 
between day 25 and day 50. PCL/HA scaffolds consistently promoted 
highest yields. In contrast, total sGAG and total COL2 decreased in 
all hybrids except for PCL/CS, which favored increasing values and 
TJHOJ¾DBOUMZIJHIFSUPUBM$0-BUEBZET%/"DPOUFOUEFDSFBTFE
TJHOJ¾DBOUMZPWFSUJNFBOEQBSUJDVMBSMZXJUIJOUIF¾STUEBZT:FU
PCL/HA displayed 2 proliferation peaks at days 3 and day 25. 
Conclusions: Developed hybrids create a propitious (short term) 
environment for implanted cells. PCL/HA and PCL/CS hybrids 
QSPNPUF TQFDJ¾DOFPDBSUJMBHF GPSNBUJPOBOE JOJUJBM DFMM SFUFOUJPO
and are thus particularly attractive for cartilage tissue engineering. 
Combined biopolymers can supply synthetic materials with inherent 
biomimetic and bioactive properties for biologic interactions with 
mammalian cells.
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Purpose: The horse seems to be a promising animal model for 
cartilage repair. In this feasibility study we tested on 3D scaffolds 
whether equine chondrocytes from a monolayer culture have the 
ability to re-differentiate or not. 
Methods and Materials: After 20 days in monolayer culture equine 
chondrocytes from the talocrural joint (n=21) were transferred onto 
different 3D-scaffolds, consisting either of hyaluronan or collagen 
type I/III. Cells from collagen gel cultivation were not propagated in 
monolayer culture prior to the transfer into the gel. Real time PCR 
of Collagen type I and Collagen Type II was chosen to asess the 
molecular biological differentiation status. 
Results: Native equine chondrocyte samples show an avarage 
differentiation index (=Col II/Col I ratio) of 2x105. Cells, which were 
propagated in monolayer culture, diminish their differentiation 
index from 2x10-2 on day 20 to 6,0x10-4 on day 40. Results for the 
3D-scaffolds, after 20 days, show an average differentiation index 
of 3,0x10-2 for the hyaluronan matrices, 1,4x10-3 for the collagen 
scaffolds and 2,7x10-2 for the collagen gel. 
Conclusions: 4DBGGPMETTIPXEJGGFSFOUJO¿VFODFPOUIFEJGGFSFOUJBUJPO
status of the cells. The differentiation index of cells on the collagen 
membrane is diminished, the index of cells on hyaluronan and 
collagen gel is similar to that of cells from a 20 days monolayer 
culture. In any case the index of chondrocytes, which were transferred 
to membranes, is higher than the index of chondrocytes, which were 
not removed from monolayer culture. 
